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REMARKS 

Claims 4-7 are pending in this application. By this Preliminary Amendment, 
Applicant AMENDS the specification, the title of the invention, the drawings, and the 
abstract of the disclosure, CANCELS claims 1 -3 and ADDS new claims 4-7. 

Applicant has attached hereto a Substitute Specification in order to make 
connections of minor informalities contained in the originally filed specification. 
Applicant's undersigned representative hereby declares and states that the Substitute 
Specification filed concun^ently herewith does not add any new matter whatsoever to the 
above-identified patent application. Accordingly, entry and consideration of the 
Substitute Specification are respectfully requested. 

The changes to the specification have been made to correct minor informalities 
to facilitate examination of the present application. 

Applicant respectfully submits that this application is in condition for allowance. 
Favorable consideration and prompt allowance are respectfully solicited. 
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DESCRIPTION 

Attorney Docket No. 40404 ,45/ko 

MOTOR DRIVE CONTROL CIRCUIT AND MOTOR APPARATUS USING THE SAME 

TECHNICAL FIELD 
[0001] —BACKGROUND OF THE INVENTION 
1. Field of the Invention 

[0001] The present invention relates to a motor drive control 

circuit of a PWM (Pulse Width Modulation) control we ytechnigue 
and also relates to a motor apparatus uoing oamc including such a 
motor drive control circuit s 

BACKGROWfl) AR T 2 , Description of the Related Art 

[0002] [0002] ^A motor apparatus using ^fefee— a conventional 

motor drive control circuit of a PWM control wa ytechnigue is 
shown in Fig. 4. A motor apparatus 101 shown in the figure 
includes a motor 102, a motor driver 107 for driving the motor 
102, and a motor drive control circuit 105 for controlling the 
motor driver 107. 

[0003] 4 0003j The motor 102 includes a rotor 1097-£ coils Ly, 

Lv/ Lw of the U phase, V phase, and W phase for controlling the 
rotation of the rotor 109t'J_ Hall elements Hu, Hy, Hw for detecting 
the position (phase) of the rotor lOSyj^ and a rotation speed 
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counter 104 for detecting the rotation speed of the rotor 109. 
The motor driver 107 includes three output transistors Tuu, Tvu# 
Two on the power source side and three output transistors TuLf Tvl/ 
TwL on the ground side. The motor drive control circuit 106 
includes a current detection resistor 112 for converting a drive 
current of the motor 102 into a voltage7-£ a peak hold circuit 114 
for receiving this voltage and holding the peak voltage within 
the ON period of the below-described PWM signalri. a rotation 
control amplifier 113 for inputting the peak voltage, the voltage 
limiting reference voltage of a reference voltage source 123^ and 
a rotation speed control voltage of a signal input terminal SIG, 
and comparing the lower of the voltage limiting reference voltage 
and rotation speed control voltage with the peak voltageT-^^ a 
capacitor 122 for oscillation prevention that is connected to the 
output of the rotation control amplifier 113 and has a 
capacitance of, for example, about 0.01 iiFyj^ a Hall amplifier 116 
for inputting the Hall signals of the Hall elements Hu, Hv, Hw and 
outputting the amplified signalsi— £ a synthesis circuit 117 for 
inputting the output of the Hall amplifier 116, advancing each 
input by a constant phase (for example, 30°), conducting 
amplification at an amplification ratio corresponding to the 
output voltage of the rotation control amplifier 113, and 
outputting the amplified signals-^ a triangular wave generator 
119 for generating and outputting a triangular waver-^^ a PWM 
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output comparator 118 for comparing the polarity discrimination 
signals Uhl/ Vhl# ^hl, which are the outputs of the synthesis 
circuit 117^ as shown in Fig. 6, with the triangular wave and 
outputting PWM signals Upwm/ VrwMf Wpwht*! ^ motor-driver control 
circuit 120 for outputting to the motor driver 107 a control 
signal based on the PWM signals - 

[0004] [00041 The detection output of the rotation speed 

counter 104 of the motor 102 is inputted to a motor control 
command unit (not shown in the figure) including a CPU. The CPU 
outputs a command signal (rotation speed control voltage) 
corresponding to the desired motor rotation speed to the signal 
input terminal SIG of the motor drive control circuit 106. 
Whorc if the detection output of the rotation speed counter 104 is 
less than the desired motor rotation speed, the CPU increases the 
rotation speed control voltage so as to obtain the desired motor 
rotation speed. In such a_case, the rotation control amplifier 
113 increases the output voltage thereof since the rotation speed 
control voltage becomes higher than the peak voltage. Therefore, 
in the synthesis circuit 117, the amplification ratio increases 
and the amplitude of the polarity discrimination signals Uhl/ Vhl# 
Whl increases. Then, the PWM output comparator 118 generates the 
PWM signals UpwMr VpwM/ WpwM wjrfe ^having a d uty ratio with a large 
ON period and outputs to the motor driver 107 the control signals 
based on PWM signals via the motor-driver control circuit 120. 
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As a result, the drive current that is passed by the motor driver 
107 to the coils Lu^ Lv/ Lw of the U phase, V phase, W phase of 
the motor 102 increases and, therefore, the rotation speed of the 
motor 102 increases. Then, this drive current is converted into 
a voltage by the current detection resistor 112, and the peak 
voltage thereof is compared with the rotation speed control 
voltage of the signal input terminal SIG, as described 
horoin above. This loop operation is repeated and the peak 
voltage of the detection voltage is thereby matched with the 
rotation speed control voltage and stabilized. 

[0005] [0005] Here, when an overload is applied to the 

motor 102 (referred to here inb e low as an abnormality), for 
example, when paper is jammed in the case where the motor 102 is 
used as ae-a paper feed actuator of a copier, the detected 
rotation speed by the rotation speed counter 104 decreases. 
Therefore, the CPU increases the rotation speed control voltage 
according to the detected rotation speed in order to increase the 
rotation speed of the motor 102. However, because the rotation 
speed of the motor 102 does not increase, this rotation speed 
control voltage rises too much. If the voltage limiting 
reference voltage of the reference voltage source 123 is exceeded, 
the voltage limiting reference voltage becomes lower and is, 
therefore, compared with the peak voltage. Thus, when the 
rotation speed control voltage rises too much, the excess 
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increase of the drive current of the motor driver 107 flowing to 
the coils Lu, Lv, Lw of the U phase, V phase, W phase of the motor 
102 is prevented and tho fraoturo of damage to the elements is 
prevented (for example, see Patent RcforGncG 1) . 
[000 6 ] Patent Document I s Japanese Patent Application Laid- 
open No. 2003-1114811- 

DISCLOCUnE OF TUB INVENTION 
PROBLEM TO BE SOLVED BY THE INVENTION 

[0006] [0007] ^As described herein above, when the rotation 

speed control voltage from the CPU rises too much and exceeds the 
voltage limiting reference voltage of the reference voltage 
source 123, the voltage limiting reference voltage, rather than 
the rotation speed control voltage, is compared with the peak 
voltage in the rotation control amplifier 113. However, since 
the capacitor 122 for oscillation prevention that has a 
capacitance of about 0,01 pF is connected to the output of the 
rotation control amplifier 113, the output thereof is delayed, a 
time is required for thio the output to be reflected in the 
synthesis circuit 117, and a time is also required for thio the 
output to be reflected in the output of the PWM output comparator 
118 and then in the rotation speed of the motor 102, which is the 
final output. 
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f00071 [00081 Fig. 5 shows a voltage waveform detected by 

the current detection resistor 112 in the case of an abnormality. 
The voltage E in the figure is a voltage limiting reference 
voltage of the reference voltage source 123, and below this 
voltage is a region in which the elements oonotituting def ininq 
the motor driver 107 are not f racturo d damaged , that is, an 
element safe operation region. The amplitudes of polarity 
discrimination signals Uhl^ Vhl, Whl inputted to the PWM output 
comparator 118 include an extra amount due to the above-described 
delay of the output of the rotation control amplifier 113, the 
PWM signals UpwMr Vpwm# Wpwm containing an extra ON time period in 
the duty ratio are outputted from the PWM comparator 118, and the 
motor driver 107 passes an extra drive current. Thus, in the 
conventional motor apparatus, a time period (for example, a time 
period shown by points A-B in Fig. 5) occurs in which the motor 
drive 107 operates above the element safe operation region. 
Furthermore, the power consumed in this period is a— wasted power. 

[0008] [0000] As a countermeasure, an extra voltage that is 

due to the delay time caused by the capacitor 122 for oscillation 
prevention can be estimated and the voltage limiting reference 
voltage of the reference voltage source 123 can be set 
accordingly lower. However, because a load at the time of 
abnormality is not constant, the peak value of the voltage 
detected by the current detection resistor 112 varies, for 
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example, as voltage C or voltage D shown in Fig. 5. Therefore, 
this countermeasure is actually difficult to use. 
[0010] *he: 

SUMMARY OF THE INVENTION 

[0009] In order to overcome the problems described above, 

preferred embodiments of the p resent invention wao dcvclopod with 
the foregoing in view and it io an objoct thoroof to p rovide a 
motor drive control circuit more capable of operating the 
elements oonotituting def ining the motor driver in a safe 
operation region. 

MEANS FOR SOLVING THE PROBLEM 

[0010] - tOOlA-i In order to attain thio objoot^ tho The motor 

drive control circuit of the a first p referred embodiment of the 
present invention compriooo includes a rotation control amplifier 
that inputs a peak voltage of a voltage generated in an impedance 
element for detecting a drive current of a motor, a voltage 
limiting reference voltage, and a rotation speed control voltage 
for controlling a rotation speed of the motor and compares the 
lower of the voltage limiting reference voltage and rotation 
speed control voltage with the peak voltageiri, a rotation limiting 
comparator that inputs and compares a voltage that is 
substantially equal to the voltage limiting reference voltage 
with the pealc voltage^-,, a synthesis circuit that amplifies a 
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rotation position detection signal of the motor according to the 
output voltage of the rotation control amplif ierw a PWM output 
comparator that compares an output of the synthesis circuit with 
a triangular wave voltage of a triangular wave generator and 
outputs a PWM signal7-£ and a motor-driver control circuit that 
inputs the PWM signal and an output signal of the rotation 
limiting comparator, removes an output period of the rotation 
limiting comparator from an ON period of the PWM signal^ and 
controls a motor driver that drives the motor. 

[0011] [0012] In the motor drive control circuit, the 

rotation control amplifier, rotation limiting comparator, PWM 
output comparator, and motor-driver control circuit are 
preferably integrated on a semiconductor substrate. 

[0012] [00131 A motor apparatus of ^fe4 ^an other preferred 

embodiment of the present invention oompriooo includes the above- 
described motor dorivo drive control circuit, a motor driver 
controlled by the motor drive control circuit, and a motor driven 
by the motor driver. 

EFFECTS OF TUB INVENTION 

[0013] [001 4 ] The motor drive control circuit of the first 

preferred embodiment of the present invention and a motor 
apparatus using such a circuit are provided with a rotation 
limiting comparator in parallel with a rotation control amplifier. 
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Therefore, the elements Qonotituting d ef ining the motor driver can 
be operated more in a safe operation region and unnecessary power 
consumption can be minimized. 

[0014] Other features, elements, steps, characteristics and 

advantages of the present invention will become more apparent 
from the following detailed description of preferred embodiments 
of the present invention with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] [00151 — [-Fig. 1] Fig. 1 is a structural drawing of the 
motor apparatus of %h ea first preferred embodiment of the present 
invention. 

[0016] [Fig. 2] Fig. 2 is an operation waveform diagram 

of the motor-driver control circuit of the first preferred 
embodiment of the present invention. 

[0017] [Fig. 3] Fig. 3 is a waveform diagram of the 

voltage detected by the current detection resistor of the first 
preferred e mbodiment of the present invention. 

[0018] [Fig. — 4^Fig. 4 is a structural drawing of the a 

conventional motor apparatus. 

[0019] [Fig. 5] Fig. 5 is a waveform diagram of the 

voltage detected by the current detection resistor in the 
conventional motor apparatus - 
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[0020] [Fig, — Fig. 6 is a waveform diagram of the 

input and output of the PWM output comparator. 

EKPLAI ' JATIQN OF REFERENCE IE RAL C PE TAILED DESCRIPTION OF 

PREFERRED EMBODIMENTS 

[001 6 ] 1 — motor drivo control apparotuo 

3 — motor 

4 rotation opood oountor 

•6 — motor drive control circuit 

^ — motor driver 

12 current detection reoiotor — (impedance element) 
•1-3 — rotation control amplifier 
•3-4 — peak hold circuit 
•i-6 — Hall amplifier 

— oynthooio circuit 
ir9 — PWM output comparator 
i9 — triangular wave generator 
iQ — motor - driver control circuit 
33 — capacitor for oocillation prevention 
23, 25 — reference voltage oourco 
3-4 — rotation limiting comparator 
%7— HvT — Hw ^Hall elemonto 

DDCT MODE FOR CARRYING OUT THE ItJVENTION 



10 



[0021] [0017] The motor drive control circuit of a PWM 

control system that io thc o f a first preferred embodiment for 
carrying out the present invention and a motor apparatus 
tteiB^including such a motor drive control circuit will be 
explained below with reference to Fig. 1. A motor apparatus 1 
shown in Fig. 1 includes a motor 2, a motor driver 7 for driving 
the motor 2, and a motor drive control circuit 6 for controlling 
the motor driver 7 . 

[0022] - KW^ The motor 2 includes a rotor 9 having a 

permanent magnety-^ coils Lu, Lvr Lw of the U phase, V phase, W 
phase that are Y-type connected to control the rotation of the 
rotor 97-£ Hall elements Hu, Hv/ Hw for detecting the position 
(phase) of the rotor 9 and outputting the rotation position 
detection signals (Hall signals-)-r) ; and a rotation speed counter 
4 for detecting the rotation speed of the motor 2 (rotor 9) . The 
rotation position detection signals (Hall signals) of the Hall 
elements Hu, Hv, Hw are differential sine waves Hy^, Hu", Hv"*"/ Hv", 
Hw'*'r Hw" in the U phase, V phase, W phase, respectively, and the 
difference between the phases is 120°. The detection output of 
the rotation speed counter 4 is inputted to the motor control 
command unit (not shown in the figure) having a CPU, and the CPU 
generates a rotation speed control voltage for setting the motor 
2 to the desired rotation speed based on the detection output^ 
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and outputs this rotation speed control voltage to the signal 
input terminal SIG of the motor drive control circuit 6. 

[0023] [00191 The motor driver 7 includes three output 

transistors Tuu# Tvu/ Twu on the power source side and three output 
transistors Tul* TvLr Twl on the ground side; thooo the transistors 
preferably b eing N-type MOS transistors- The source of the 
output transistor Tuu on the power source side and the drain of 
the output transistor Tul on the ground side are connected to the 
coil Lu of the U phase of the motor 2. The source of the 
transistor Tvu on the power source side and the drain of the 
output transistor Tvl on the ground side are connected to the 
coil Lv of the V phase of the motor 2, and the source of the 
transistor Twu on the power source side and the drain of the 
output transistor Twl on the ground side are connected to the 
coil Lw of the W phase of the motor 2. The drains of the output 
transistors Tuu, Tvur Twu on the power source side are connected to 
the power source Vh for driving the m otor drive , and the sources 
of the transistors Tul/ Tvl# Twl on the ground side are connected 
to the ground via a current detection resistor 12, which is the 
below-described impedance element. PWM signal outputs of the 
below-described motor-driver control circuit 20 are inputted to 
the gates of those output transistors Tuu/ Tvu, Twu/ Tul, Tvl# Twl- 
When a current flows from the coil Lu of the U phase of the motor 
2 to the coil Lv of the V phase, the PWM output from the motor- 
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driver control circuit 20 is received and the output transistor 
Tuu on the power source side and the output transistor Tvl on the 
ground side are switched ON. When a current flows from the coil 
Lv of the V phase to the coil Lw of the W phase, the output 
transistor Tvu on the power source side and the output transistor 
TwL on the ground side are switched ON. When a current flows 
from the coil Lw of the W phase to the coil Ly of the U phase, 
the output transistor Twu on the power source side and the output 
transistor Tul on the ground side are switched ON. The PWM 
output of the motor-driver control circuit 20 is thus received, 
the output transistors on the power source side and the output 
transistors on the ground side are thus switched, the current 
quantity supplied to the motor 2 is varied and the rotation speed 
of the motor 2 is controlled according to the variation of the 
ON-OFF duty ratio based on the switching operations. 

[0024] [00201 ^The motor drive control circuit 6 includes a 

current detection element 12, which is the aforementioned 
impedance element for converting the drive current of the motor 2 
into a voltageT-i. a peak hold circuit 14 for receiving this 
voltage and holding the peak voltage of the ON period of the PWM 
signali-i. a rotation control amplifier 13 that inputs the peak 
voltage, the voltage limiting reference voltage of the reference 
voltage source 23, and the rotation speed control voltage of the 
signal input terminal SIG and compares the lower of the voltage 
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limiting reference voltage and rotation speed control voltage 
with the peak voltagew a rotation limiting comparator 24 that 
inputs and compares a voltage of the reference voltage source 25 
that is substantially equal to the reference voltage source 23 
with the peak voltager-^ a capacitor 22 for oscillation prevention 
that is connected to the output of the rotation control amplifier 
13— £ a Hall amplifier 16 for inputting the rotation phase 
detection signals of the Hall elements Hu, Hy, Hw and outputting 
the amplified signals^ a synthesis circuit 17 that inputs the 
outputs of the Hall amplifier, advances each by a constant phase, 
amplifies according to the voltage of the rotation control 
amplifier 13, and outputs the polarity discrimination signals Uhl/ 
VnLr WHLi_ a triangular wave generator 19 for generating and 
outputting a triangular waveri. a PWM output comparator 18 for 
comparing the triangular wave with the polarity discrimination 
signals Uhl/ Vhl^ Whl and outputting PWM signals Upwmf Vpwm/ ^^wrri^ 
and a motor-driver control circuit 20 for outputting a signal for 
controlling the motor driver 7 from the output signal of the 
rotation limiting comparator 24 and PWM signals Upwm/ Vpwm/ WpwM of 
the PWM output comparator 18. 

[0025] [00211 In the current detection resistor 12, a drive 

current flows in the ON period of the PWM signal, and no drive 
current flows in the OFF period of the PWM signal because each 
transistor of the motor driver 7 is switched off. In the current 
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detection resistor 12, all the drive currents flow in the ON 
periods of the U phase, V phase, W phase, and the currents change 
depending on the respective phase. In the peak hold circuit 14, 
the peak voltage of the voltage detected by the current detection 
resistor 12 in the ON period of the PWM signal is held within the 
OFF period of the PWM signal, but the voltage is gradually 
discharged and drops with a fixed time constant. 

[0026] [00221 ^The rotation control amplifier 13 has one 

inversion input terminal and two non-inversion input terminals. 
The peak voltage of the peak hold circuit 14 is inputted to the 
inversion input terminal, the voltage limiting reference voltage 
of the reference voltage source 23 and the rotation speed control 
voltage of the signal input terminal SIG are inputted to two non- 
inversion input terminals, and as described herein above, the 
lower of the voltage limiting reference voltage and rotation 
speed control voltage is compared with the peak voltage. The 
capacitor 22 for oscillation prevention, which is connected to 
the output of the rotation control amplifier 13, performs phase 
compensation to prevent oscillations in a loop composed of the 
rotation control amplifier 13, synthesis circuit 17, PWM output 
comparator 18, motor-driver control circuit 20, motor driver 7, 
current detection resistor 12, and peak hold circuit 14 ; the ^ 
The capacitance of the capacitor is, for example, 0-01 yF. 
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f0027] - FOOa^j In the rotation limiting comparator 24, the 

peak voltage of the peak hold circuit 14 is inputted to a non- 
inversion input terminal, and the voltage of the reference 
voltage source 25 that is substantially equal to the reference 
voltage source 23 is inputted to the inversion input terminal* 
An important A unique feature herein is that a capacitor with a 
high capacitance, such as the capacitor 22 connected to the 
output of the rotation control amplifier 13, is not connected to 
the output of the rotation limiting comparator 24, and that the 
output thereof is inputted directly to the motor-driver control 
circuit 20. Thus, the output of the rotation limiting comparator 
24 is used to remove the extra ON period of the PWM signal , 
created by the delay caused by the capacitor 22 for oscillation 
prevention in the motor-driver control circuit 20 at the time of 
abnormality (when an overload is applied to the motor 2), as 
described below. Therefore, the voltage of the reference voltage 
source 25 is not required to be absolutely identical to the 
voltage of the reference voltage source 23, if the desired 
operation of the motor-driver control circuit 20 can is to b e 
roalise d achieved . 

[0028] 4 0Qa4j The Hall amplifier 16 includes a differential 

amplifier for the U phase that receives the rotation phase 
detection signals (Hall signals) Hu^, Hu" of the Hall element Hu 
at the non-inversion input terminal and inversion input terminal, 
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respectivelyy^ a differential amplifier for the V phase that 
receives the rotation phase detection signals Hv*, Hv" of the Hall 
element Hv at the non-inversion input terminal and inversion 
input terminal, respectivelyxi_ and a differential amplifier for 
the W phase that receives the rotation phase detection signals 
Hw"*", Hw" of the Hall element Hw at the non-inversion input 
terminal and inversion input terminal, respectively. Those 
differential amplifiers amplify the differential voltages of 
respective rotation position detection signals at a constant 
amplification ratio and output the amplified voltages. 

[0029] 4 00a5j ^The synthesis circuit 17 inputs the rotation 

position detection signal outputs of the differential amplifiers 
for the U phase, V phase, W phase of the Hall amplifier 16, 
amplifies them according to the output voltage of the rotation 
control amplifier 13, and outputs the polarity discrimination 
signals Uhl/ VnLr Whl. The adjustment of the amplification ratio 
is performed by regulating the current source of the differential 
amplifier (not shown in the figure) in the synthesis circuit 17 
with the output voltage of the rotation control amplifier 13. 
Each input signal is advanced by a fixed phase (for example^ 
about 30®) to apply a magnetic field at a timing that makes it 
possible to rotate the rotor 9 of the motor 2 with the highest 
efficiency. 
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r0030] 4 00a€^ The PWM output comparator 18 includes a 

comparator for the U phase that inputs the triangular wave of the 
triangular wave generator 19 to an inversion input terminal, 
inputs the polarity discrimination signal Uhl of the U phase of 
the synthesis circuit 17 to the non-inversion input terminal, and 
compares the twox^ a comparator for the V phase that inputs the 
triangular wave to an inversion input terminal, inputs the 
polarity discrimination signal Vhl of the V phase to the non- 
inversion input terminal, and compares the two7-_^ and a comparator 
for the W phase that inputs the triangular wave to an inversion 
input terminal, inputs the polarity discrimination signal Wrl of 
the W phase to the non-inversion input terminal, and compares the 
two. Therefore, PWM signals U^mr ^pm^ ^^m for which a period 
with a voltage that is higher than the triangular wave serves as 
a high-level ON period are outputted with respect to the polarity 
discrimination signals Uhl/ Vhl, Whl of the respective U phase, V 
phase, W phase that have a phase difference of 120^9-=— j_ 

[0031] [0027] The motor-driver control circuit 20 inputs 

the PWM signals (PWM input) (Upwm/ Vp^^, Wp„m) of the PWM output 
comparator 18 and, as described herein above, outputs the PWM 
signals for controlling the switching of the output transistors 
on the power source side and output transistors on the ground 
side of the motor driver 7. Furthermore, the motor-driver 
control circuit 20 inputs the output signal (RL) of the rotation 
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limiting comparator 24, subtracts the pulsing output period of 
the rotation limiting comparator 24 from the ON period of the PWM 
signal in order to remove the extra ON period of the PWM signal 
that is due to the delay caused by the capacitor 22 for 
oscillation prevention in the case of abnormality, as shown by 
the waveform in Fig, 2, and outputs the signal (PWM output) . 
When no abnormality has occurred, the rotation limiting 
comparator 24 produces no pulsing output and, therefore, the PWM 
signal with unchanged ON period is outputted to the motor driver 
7. 

[0032] [002 8 1 The operation performed in the case where the 

rotation speed of the motor 2 is varied will be explained below. 
When the rotation speed of the motor 2 is increased, the rotation 
speed control voltage inputted from the CPU to the signal input 
terminal SIG is increased. Then, in the rotation control 
amplifier 13, the rotation speed control voltage becomes higher 
than the peak voltage of the peak hold circuit 14. Therefore, 
the output voltage thereof rises. Then, the amplitude of the 
polarity discrimination signals Uhl/ Vkl^ Whl outputted from the 
synthesis circuit 17 increases, and PWM signals each having a 
duty ratio with a large ON period are generated in the PWM output 
comparator 18 and outputted via the motor-driver control circuit 
20 to the motor driver 7. As a result, the drive current of the 
motor driver 7 flowing to the coils Lu, Lv, Lw of the U phase, V 
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phase, W phase of the motor 2 increases and, therefore, the 
rotation speed of the motor 2 increases. This drive current is 
converted into a voltage by the current detection resistor 12, 
and the peak voltage thereof is compared with the rotation speed 
control voltage. The loop of such operations is repeated. As a 
result, the peak voltage is matched with the rotation speed 
control voltage and stabilized. 

[0033] [00291 Conversely, when the rotation speed of the 

motor 2 is decreased, the rotation speed control voltage inputted 
from the CPU to the signal input terminal SIG is decreased. As a 
result, the operation of the rotation control amplifier 13, 
synthesis circuit 17, and PWM output comparator 18 is inverted 
with respect to that performed when the rotation speed of the 
motor 2 is increased. As a result, the drive current of the 
motor driver 7 flowing to the coils Lu, Ly, Lw of the U phase, V 
phase, W phase of the motor 2 decreases and, therefore, the 
rotation speed of the motor 2 decreases. The loop that is 
identical to the above-described loop is repeated and, as a 
result, the peak voltage is matched with the rotation speed 
control voltage and stabilized. 

[0034] [00301 In the case of abnormality (when an overload 

is applied to the motor 2), the rotation speed detected by the 
rotation speed counter 4 decreases. Therefore, in order to 
increase the rotation speed of the motor 2, the CPU increases the 
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rotation speed control voltage outputted to the signal input 
terminal SIG of the motor drive control circuit 6. However ^ 
because the rotation speed of the motor 2 does not increase, this 
rotation speed control voltage becomes too high. When the 
rotation speed control voltage exceeds the voltage limiting 
reference voltage of the reference voltage source 23 in the 
rotation control amplifier 13, this voltage limiting reference 
voltage, rather than the rotation speed control voltage, is 
compared with the peak voltage. The comparison result of the 
voltage limiting reference voltage with the peak voltage of the 
peak hold circuit 14 is outputted from the rotation control 
amplifier 13 and reflected in the output of the synthesis circuit 
17, then the output of the PWM output comparator 18, and then the 
rotation speed of the motor 2, which is the final output. Thus, 
when the rotation speed control voltage becomes too high, the 
drive current of the motor driver 7 flowing to the coils Lu, Lv, 
Lw of the U phase, V phase, W phase of the motor 2 is prevented 
from increasing too much and the elements are prevented from 
being f rooturo d damaged . 

[0035] [00311 Parallel to the operation of the rotation 

control amplifier 13, in the rotation limiting comparator 24, 
when the rotation speed control voltage rises too much and the 
peak voltage of the peak hold circuit 14 follows this rise and 
exceeds the voltage of the reference voltage source 25, the 
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output thereof is changed to a high level and inputted to the 
motor-driver control circuit 20. On the other hand, owing due to 
the delay of the output signal of the rotation control amplifier 
13 connected to the capacitor 22 for oscillation prevention, the 
amplitudes of the polarity discrimination signals UnLr Vhl/ Whl 
inputted to the PWM output comparator 18 include extra quantities 
and PWM signals each containing an extra ON period in the duty 
ratio are outputted from the PWM output comparator 18 to the 
motor-driver control circuit 20. In the motor-driver control 
circuit 20, the extra ON period of the PWM signal is removed by 
subtracting the output period (high-level period) of the rotation 
limiting comparator 24 from the ON period of the PWM signal, as 
shown by a waveform diagram in Fig. 2. Further, when the PWM 
signal becomes OFF, the peak voltage of the peak hold circuit 14 
drops via the motor driver 7 and current detection resistor 12 
and, therefore, the output of the rotation limiting comparator 24 
returns to a low level. 

[0036] [0032] Fig. 3 shows a voltage waveform during 

abnormality of the motor apparatus 1 that is detected with the 
current detection resistor 12. The voltage E in the figure is a 
voltage limiting reference voltage of the reference voltage 
source 23. Below this voltage is a region in which the elements 
conotitutin g def ining the motor driver 7 are not f raoturc d damaged , 
that is, the element safe operation region. The detection 
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voltage of the current detection element 12 is almost below the 
voltage E, and a period in which the detection voltage greatly 
exceeds the voltage E, as the above-described period shown by 
points A-B of the voltage waveform in Fig* 5, is absent. 

[0037] [0033] As described herein above, because the motor 

apparatus 1 includes a rotation limiting comparator 24 in 
parallel with the rotation control amplifier 13 in the motor 
drive control circuit 6, the extra drive current caused by the 
delay of the output of the rotation control amplifier 13 can be 
minimized and the elements conotitutinq defininq the motor driver 
7 can be operated more in a safe operation region. Furthermore, 
the motor apparatus 1 can be miniaturized by integrating at least 
the rotation control amplifier 13, rotation limiting comparator 
24, synthesis circuit 17, PWM output comparator 18, and motor- 
driver control circuit 20 of the motor drive control circuit 6 on 
a semiconductor substrate, thereby producing one semiconductor 
device . 

[0034] Tho proocnt invention io not limited to tho above 

dcooribod embodiment and a variety of dcoign modif ioationo can bo 
made vrithin tho ocopo doocribed in the claimo. 
[0038] While preferred embodiments of the present invention 
have been described above, it is to be understood that variations 
and modifications will be apparent to those skilled in the art 
without departing the scope and spirit of the present invention. 
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The scope of the present invention^ therefore, is to be 
determined solely by the following claims « 



24 



